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Abstract 
Investors in the petroleum industry realize offshore oil projects are much more complicated than onshore projects. 
The offshore projects are characterized by large investment and high uncertainties. A tiny change of the uncertain 
factor may cause a large fluctuation of total investment. Production uncertainty is an important uncertain factor, 
which has a great influence on the investment. In our study of FPSO (Floating Production Storage and Offloading) + 
Wellhead development concept, firstly we check the composition of total investment. Then we classify them into 
different items. We research on the possible relations between the items and oil production by using ordinary least 
square method (OLS), and then we use the relations to set up a model to estimate the offshore investment. Based on 
the model, we then quantitatively analyze the impact of production uncertainty by using Monte Carlo simulations. 
Finally, we estimate the possible distribution of the investment. 
 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE 
 
 
Key words: offshore oil projects, investment esitmation, production uncertainty, quantitative analysis, investment probability curve 
1. Introduction 
Over the last two decades, oil markets have seen changes concerning offshore oil sector. Offshore oil 
production has increased greatly. According to Infield Systems’ Offshore Energy Database, total offshore 
oil production accounted for 22% of global production in 2000. In 2010 the figure raised to 33%. In 2012, 
32% (146 in total) of the new oil and gas findings were located on oceans. However, the 146 findings 
accounted for 88% of the world new recoverable reserves. The offshore recoverable reserves were 3.21 
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billion tons of oil equivalent in 2012. In the future, the offshore oil sector will play an important role in 
the petroleum industry. 
Compared with the traditional onshore projects, the offshore oil projects are more complex. The 
development environments are more severe and inconstant; advanced technologies, equipment and 
materials are needed in the development process, excellent management skills are also indispensable. To 
summary, the offshore oil projects involve huge investments, long period and lots of uncertainties (or 
risks). Therefore, it is necessary to find the possible relationships between the investment and uncertain 
factors. 
The motivation for this study is twofold. First, we propose to investigate the relations between the 
investment and uncertain factors, especially the relations between different investment items and 
productions. Second, we want to define the possible distribution of the investment based on a certain 
assumption of production, and explain how it will affect the decisions. 
The remainder of this paper is organized as follows: Section 2 is about the literature reviews on the 
application of uncertainty (risk) analysis in petroleum industry. Section 3 summaries the composition of 
offshore oil project investment and sets up the evaluation model. Section 4 presents the results of Monte 
Carlo simulation for the total investment. Section 5 talks about main conclusions and some suggestions. 
2. Literature Review 
Allais[1] was the first economist who adopted the probability theory in his research on the economics 
and risks in the exploration period. In his study on the economic feasibility of exploring the Algerian 
Sahara, exploration period was divided into several sequential and independent stages, and an explicit 
modeling was set up. Based on probability theory and Monte Carlo simulations, he analyzed the 
economic feasibility and risks on the entire exploration stage. Allais’s work demonstrated how Monte 
Carlo method was used in the complex probability analysis. 
During the 1960s, risk analysis methods were only applied in the academia and were quit new to 
petroleum industry. Grayson[2], Arps and Arps[3], Newendorp[4], Negill[5] were the first group of scholars 
who introduced risk analysis methods into petroleum industry, and made great contribution in the 
application of risk analysis in petroleum industry. 
In 1980s and 1990s, some new statistical methods were absorbed into risk analysis such as: (1) 
lognormal risk resources distribution (Attanasi and Drew[6]), (2) Pareto distribution applied to petroleum 
field-size data in a play (Crovelli[7]) and (3) fractal normal percentage (Crovelli et al.[8]). 
In the field appraisal and development period, the most useful way is the recovery factor. Saloma˜o 
and Grell[9] presented that the simplest way to estimate the recovery factor was through analytical 
procedures, empirical correlations and simulation runs. 
Paddock et al.[10] presented an classical work to apply real option into the petroleum industry. In their 
study of oil development process, they made an analogy between real options and American call options. 
Galli et al.[11] discussed the application of real options, decision trees and Monte Carlo simulations. 
Risk analysis methods and technologies have been applied into petroleum industry for more than half a 
century. Different methods are used to investigate different academic problems in different period of 
petroleum development. But scholars seldom research on the possible distribution of investment before 
oil companies bid for the oilfields. This investment is very large and will have a great influence on the 
project’s benefit, especially for the offshore oil projects. Neglecting the possible change of the investment, 
managers may be over-optimistic or over-pessimistic about the project. Thus, it is necessary and 
important to analyze the risk before bidding. 
3. Model
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Fig. 1. The composition of investment of FPSO + Wellhead concept 
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In this Section, we set up a certain evaluation model for a certain development concept – FPSO 
(Floating Production Storage and Offloading) + Wellhead. Firstly we summary the composition of this 
concept, divide the total investment into different items. Then, we investigate the relationship between all 
the items and the production level. Finally, we set up an evaluation model for this development concept 
by the relations above, and test its precision. 
We subdivide the offshore investment in our study. As shown in Fig. 1, it is divided into six categories 
– topside 1 (which is connected with tanker), topside 2 (which is connected with jacket), jacket, tanker, 
pipelines and drilling. Each one is composited by three parts – direct costs, indirect costs and contingency. 
For each of the six categories, the indirect costs and contingency includes the same investment items. 
Indirect costs are divided into two parts, i.e. Design & Project Management and Insurance & Certification.  
Generally, oil companies estimate the total investment of oil fields by using “gravimetric method”. The 
method estimates the weights and prices separately, and then calculates the investment by multiplying 
them. We take the same method to investigate the relations between the items and production. We try to 
find the relations between the weights of all the items and production. In this study, we have three 
assumptions: (1) The price for different items are exogenous and fixed; (2) Some other uncertain factors, 
like the soil quality, tides etc. are neglected. We just focus on the production uncertainty, which influence 
the investment most; (3) The tanker is new built, not converted. One point that should be emphasized is 
that we set up the evaluation model under the assumption of fixed water depth and jackets’ legs, although 
we consider the influence of water depth and the jackets’ legs when we investigate the relations between 
the items’ weights and different uncertain factors.  
After the research, we find the quantitative relations between the items and the production .There is a 
significant linear relationship between some items and production, like secondary steel. Some items have 
a leap relationship with production, like dehydration equipment. The remainders have no relationship 
with production, like heating equipment. Their relations are shown in Fig. 2.  
Fig. 2. (a) Relationships between weights of secondary steel and production; (b) Relationships between weights of dehydration and 
production; (c) Relationships between weights of heating and production 
With all the regulations we get, an evaluation model is made. We test the model with realistic data, and 
the error of this model is -26.26%. The error is mainly caused by the fact that we neglect many other 
uncertain factors. However, in the application area, an error within f  30% is acceptable. So it is 
reasonable to make a quantitative risk analysis on this evaluation model. 
In the model, every items has a quantitatively relationship with production. The production is 
inconstant and uncertain. In order to find the possible distribution of investment, we assume the 
production follows the triangle distribution, which is consistent with many scholars’ hypothesis. By 
applying the Monte Carlo simulations in the model, we simulate the possible distribution of investment, 
which will be shown in the next section. 
4. The Monte Carlo simulation and the distribution of investment 
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In this Section, we use Monte Carlo simulations methods to research the possible distribution of 
investment. We assume that the production follows triangle distribution, which is shown in Fig. 3(a). By 
Monte Carlo simulations, the distribution of total investment is shown in Fig. 3(b). Most of the possible 
investments values are less than 433.35 million dollars, which account for 90% of all possible values. In 
other words, the possibility, of which total investment is less than 433.35 million, is 90%. By using goal 
seek method, it is easy to know that the production that makes the minimum value of possible investment 
values exceed 439 million dollars is 19.8 KBPD (thousand barrels per day). 
 
Fig. 3. (a) Distribution of Production; (b) Probability density of total investment 
Two methods are used to fit the distribution of the total investment. Firstly, we use absolute fitting 
methods. The result is shown in Fig. 4 (a) and Fig. 4 (b). Then, we choose relative fitting methods, and 
we set the Std Deviation as 1. The result is shown in Fig. 4 (c) and Fig. 4 (d). 
 
Fig. 4 (a) Fitting of probability density curve by absolute fit; (b) Fitting of cumulative probability curve by absolute fit; (c) Fitting of 
probability density curve by relative fit; (b) Fitting of cumulative probability curve by relative fit. 
As shown in Fig. 4, the result of absolute fit indicates that the LogLogistic distribution is the most 
suitable distribution for the probability density curve and cumulative probability curve of the investment, 
ranked by the Chi-Square Statistic. As Fig. 4(b) shows, the biggest difference appears at the range of 
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(443.40, 437.45), where the cumulative probability curve of simulated investment increases slightly, 
while the LogLogistic distribution curve increase steadily. The result of relative fit indicates that a totally 
different distribution fits best. It recommends that the triangle distribution fits best. As showed in the 
investment simulation (see Fig.3 (b)), the investments values mainly lies in the range of (431, 433.5). 
Investment distribution in this range is similar to triangle distribution. This is the main reason why the 
two different fitting methods indicate different distributions. When the Std Deviation is set as 3, both the 
two methods recommend the LogLogisitic as the best fitting distribution. 
5. Conclusion 
The paper sets up an evaluation model of FPSO + Wellhead concept. In the model, the total investment 
is calculated by “gravimetric method”. All the relationships between the weights of different investment 
items and production are investigated. The prices of different items, which are the real data from an 
offshore project, are exogenous and fixed. In order to analyze the possible distribution of the investment, 
we assume that the production follows triangle distribution. By using Monte Carlo simulations, we find 
the best fitting distribution of investment is the LogLogistic distribution. The distribution provides a way 
to quantitatively analyze the impact of production uncertainty on the offshore oil project investment. 
We can get the possible range, in which the probability of that total investment is is the biggest, from 
the probability density curve and cumulative probability curve of investment. The model can also be used 
to calculate the probability of a certain range where the total investment may be. Thus, it can provide the 
decision makers with a concept, which is similar to VaR( value at Risk). When the investment is close to 
the value, the decision maker should be aware of possible losses. They should try to make sure the 
investment doesn’t exceed the value; otherwise the benefits of the project will be affected. We can also 
use goal seek method to estimate the possible production level which will satisfy the eigenvalues of a 
certain distribution. 
In our study, we only consider the impact of production uncertainty, and neglect other factors, which 
will also influence the distribution of investment. In the future, we will carry on further research by 
considering other uncertain factors.  
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